Combination strategies involving chemotherapy and monoclonal antibodies (mAb) are commonly used in attempts to produce better clinical outcomes. This practice has led to new and ongoing toxicities that may lead to reductions in dose or noncompliance, limiting the effectiveness of treatment. Viscum album L (VA) preparations are widely used in Europe as additive therapy and have been associated with reduced chemotherapy-related adverse reactions and increased healthrelated quality of life. Concomitant VA therapy might also reduce toxicity related to mAb. This retrospective study investigated the safety of combined treatment with VA and mAb in cancer patients. A total of 43 patients had combined therapy (474 exposures); 12 had VA without mAb (129 exposures), and 8 had mAb without VA (68 exposures). Most patients (89.3%) received concomitant chemotherapy or supportive therapies. A total of 34 patients (60.7%) experienced 142 adverse events (AEs). Leucopenia (14.1% of all events), acneiform rash (8.5%), and stomatitis (6.3%) occurred most frequently. Longitudinal logistic regression analysis suggested a nearly 5 times higher odds of experiencing an AE following treatment with mAb compared with mAb plus VA (95% CI = 1.53-16.14). Our results, together with theoretical consideration of potential botanical-drug interactions, suggest that combined treatment with VA and mAb is safe.
Introduction
Monoclonal antibodies (mAb) have emerged as a promising approach to treating a range of tumor types. In contrast to conventional chemotherapy, which affects all rapidly dividing cells, mAb aim to inhibit specific molecular pathways that are necessary for tumor growth and maintenance. 1 Among the most encouraging mAb is trastuzumab, which targets the human epidermal growth factor receptor 2 and is indicated in the treatment of breast cancer 2 ; bevacizumab, which inhibits vascular endothelial growth factor and is indicated in the treatment of a range of diseases, including colorectal, lung, and ovarian cancer 3 ; and cetuximab, which blocks the epidermal growth factor receptor and is indicated in the treatment of colorectal and lung cancer. 4 Despite initial excitement over dramatic tumor regressions, however, mAb in general have achieved only limited improvements in overall survival because of primary resistance in some patients and the often rapid occurrence of secondary resistance in many responders. 5 Combination strategies involving multiple mAb and chemotherapies have been increasingly used in an attempt to prevent or combat the emergence of secondary resistance. A number of recent studies have shown that combining 2 mAb may lead to an increase in median progression-free survival compared with monotherapy. 6, 7 There is also growing interest in whether immunotherapies that can harness endogenous anti-tumor immunity by modifying immune regulatory mechanisms can help consolidate impressive clinical responses from mAb into long-lasting clinical remissions. 1, 8, 9 Although combination strategies seem to be delivering improved clinical outcomes, an important consideration when combining multiple therapies, especially cytotoxic drugs with narrowtherapeutic indexes, is the elevated risk of adverse drug-drug interactions. 10 Despite being "targeted" therapies, these drugs affect multiple organ systems, and their chronic and combined use has led to the identification of new toxicities that can impair health-related quality of life (HRQL) and require longterm management. 11 Importantly, ongoing toxicity caused by mAb can lead to reductions in dose or noncompliance, thereby, limiting the effectiveness of treatment. Supportive therapies that can relieve toxicity associated with mAb and chemotherapy or improve HRQL are, therefore, of significant interest.
Viscum album L (VA or European mistletoe) preparations are widely used as additive cancer therapy in Europe, especially in German-speaking countries, and have been associated with a reduction in chemotherapy-related adverse drug reactions and increased HRQL. 12, 13 Furthermore, it has been suggested that VA preparations can induce clinically beneficial immunomodulation through lectin-carbohydrate interactions, leading to enhancement of interleukin-12 secretion and natural killer cell function. 14, 15 Therefore, use of VA therapy preparations alongside mAb might help improve the balance of the innate immune system, thereby decreasing treatment-related toxicities and possibly even helping in overcoming tumor-induced immunosuppression and treatment resistance. Whereas at least 1 group has thoroughly investigated the safety of combined use of VA preparations and the chemotherapeutic agent, gemcitabine, 16 we were unable to find information regarding the safety of combined use of VA preparations and mAb. The present study describes the combined use of intravenously administered Helixor VA preparations and a variety of mAb in cancer patients of the Havelhoehe Hospital in Berlin and investigates the safety of this combinatorial approach. Theoretical considerations regarding the potential for negative botanical-drug interactions between VA preparations and mAb are also discussed.
Methods

Study Design and Setting
A retrospective cohort study was conducted to assess the safety of combined (same-day) intravenous infusions of mAb and VA preparations manufactured by Helixor Heilmittel GmbH (Rosenfeld, Germany). The Network Oncology (NO), a joint clinical registry of German hospitals and outpatient practitioners specialized in integrative medicine, was used during this study. 17 The NO database contains patient information and data on cancer diagnoses, therapies, adverse events (AEs), and disease progress extracted from patient files and recorded using the QuaDoSta (Quality management, Documentation, and Statistics) software that was developed at Havelhoehe Research Institute. Ethical approval for the NO project was obtained from the Medical Association Berlin.
Study Participants
Data of consenting cancer patients treated between August 2005 and November 2014 were assessed between July 2014 and July 2015. We found 95 patients who had received both Helixor VA preparations and mAb at any time during their treatment. All patients had an ECOG performance status of 0 to 2, and no patient was ineligible based on comorbidities (ie, no evidence of refractory hypertension, internal bleeding, danger of perforation, or treatment with mAb within 4 weeks of surgery). Details of treatment with mAb or VA preparations, including dates, doses, routes of administration, concomitant medications, and associated AEs, along with demographic, diagnosis, and disease progression data were extracted. Patients were assigned to 1 or more of 3 treatment groups based on documented timing of treatment with mAb and VA preparations ( Figure 1 ). Note that it was possible for patients to be assigned to different treatment groups at different times throughout their treatment. If a VA preparation and mAb therapy were received by a patient on the same day, the patient was described as receiving combined therapy. A patient was described as receiving VA therapy if they received one or more VA infusions, where they did not receive mAb for at least 1 month either side of the VA application. Likewise, mAb therapy refers to a patient not receiving a VA infusion for at least 1 month either side of treatment with mAb. A 1-month washout period was specified to eliminate any carryover effects and to avoid confusion over the causality of delayed or enduring AEs. Because of the complex nature of cancer treatment, some patients in all 3 groups received concomitant chemotherapy or supportive therapies (eg, antiemetic or pain medication). Patients were excluded from the study if they did not meet the criteria for at least 1 of the 3 treatment groups or if they had missing or invalid information regarding dates of treatment with mAb and VA preparations, specific drug names, concomitant medications, database identification number, date of birth, gender, date of diagnosis, or ICD-10 code. Although data for all routes of administration and types of VA preparations and targeted therapies were collected, our analysis was limited to intravenously administered Helixor VA preparations and intravenously administered mAb.
Outcomes
The primary outcome was occurrence of an AE during or shortly after combined therapy, VA therapy, or mAb therapy. An AE was defined as "any untoward medical occurrence in a patient or clinical investigation subject administered a pharmaceutical product and which does not necessarily have to have a causal relationship with this treatment" 18(p 2) . AEs were chosen as the primary outcome rather than adverse drug reactions (which are drug specific) because in situations where multiple medications are administered concomitantly (eg, a VA preparation, antiemetic medication, a mAb, and a chemotherapeutic agent), attributing causality of an AE to a single medication can be difficult. AEs that were clearly disease related or could be definitely attributed to a previous therapy were excluded. All other AEs (eg, could be related to mAb, VA, chemotherapy, or supportive therapies) were classified as Medical Dictionary for Regulatory Activities (MedDRA) 15.0 preferred terms and grouped by System Organ Class. Secondary outcomes were the type and frequency of specific AEs and the number of serious AEs.
Statistical Analysis
Patient characteristics and exposure to mAb, Helixor VA preparations, chemotherapy, and supportive therapies were compared between treatment groups. The relative frequency of patients experiencing 1 or more AEs, the number of exposures to which AEs occurred, the total number and types of AEs, the number of AEs per 100 exposures (crude incidence rates), and the number of AEs classified as serious were described for each treatment group. To assess which demographic and treatment factors were associated with AEs, a longitudinal logistic regression model was fit using the generalized estimating equations (GEE) method to account for the multiple observations per person. An exchangeable covariance structure was used to model the correlation of the repeated measurements over time. In the adjusted model, age at treatment, concomitant chemotherapy (no, yes), and concomitant supportive therapies (no, yes) were included as time-varying covariates. Use of time-varying covariates means that confounders can change over time. For example, a patient could be classified as having combined therapy on one occasion followed by mAb therapy on another occasion (as long as the washout period was satisfied by there being at least 1 month between different types of therapies). Baseline covariates included were gender (male, female) and Union for International Cancer Control stage at first treatment (UICC I-II, UICC III-IV, not applicable or unknown). Odds ratios (ORs), 95% CIs, and P values were calculated, and the level of significance (α) was set at .05. All analyses were conducted using R version 3.1.2.
19 GEE models used the geepack package.
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Results
Out of 95 patients treated with Helixor VA preparations and mAb, 56 were selected for inclusion in this study ( Figure 1 ). A total of 36 patients were excluded because they were only treated with VA and mAb on separate days but within 1 month of each other. One patient was excluded for not having a database identification number, which was necessary for acquiring basic patient information; 1 patient was excluded for not having a date of treatment; and another patient was excluded for only receiving subcutaneous VA despite intravenous VA being prescribed. Among the remaining 56 patients representing 671 exposures, 43 patients had 474 exposures to combined therapy, 12 patients had 129 exposures to VA therapy, and 8 patients had 68 exposures to mAb therapy. Seven patients were included in more than 1 treatment group: 2 patients had combined therapy and VA therapy at different times, whereas 5 patients had VA therapy and mAb therapy. Values represent the number of patients exposed, with the total number of exposures in parentheses.
therapy, and from 1 to 25 with a median of 8 (IQR = 5-9) for mAb therapy. The total period of time during which patients received therapies ranged from 1 day to 2.4 years, with a median of 3.5 months (IQR = 0.8-10.8 months), for combined therapy; 1 day to 6.1 years, with a median of 7.9 months (IQR = 1.6-13.8 months), for VA therapy; and 1 day to 3.3 years, with a median of 4.9 months (IQR = 1.3-13.3 months), for mAb therapy. Demographic and diagnosis information for all included patients are summarized in Table 1 . Patients in the mAb therapy group were generally younger at the age of first treatment and more likely to be female and suffering from breast cancer; treatment more frequently began at an early UICC stage. Data for the time-varying factor-age at treatment-were skewed in both the individual therapy groups.
The total number of exposures to different combinations of mAb and VA are presented in Table 2 . Consecutive infusion of Helixor Abietis and cetuximab (8 patients, 104 exposures) was the most frequent combination, followed by Helixor Mali and bevacizumab (10 patients, 94 exposures) and Helixor Abietis and trastuzumab (8 patients, 94 exposures). Although 7 mAb were documented, 92% of all exposures to mAb were to bevacizumab, trastuzumab, or cetuximab.
Concomitant use of chemotherapeutic agents and supportive medications, such as antiemetic drugs, in addition to VA or mAb was reported at least once in 50 (89%) patients. Table 3 shows the number of exposures that involved concomitant chemotherapy only (11%, 4%, and 10%), supportive therapy only (16%, 2%, and 9%), chemotherapy and (Table 4) . Among patients who experienced an AE, the median number of events per exposure was 1 (IQR = 1-2; range = 1-9) and the median number of events per patient overall was 3 (IQR = 1-6; range = 1-25). The highest incidence of AEs was in the mAb therapy group, with 5 out of 8 patients (63% of patients) experiencing a total of 22 events on 18 exposures (27% of exposures). This was followed by the combined therapy group, with 24 out of 43 patients (56%) experiencing 112 events on 61 exposures (13%), and the VA therapy group, with 5 out of 12 patients (42%) experiencing 8 events on 6 exposures (5%). Crude rates of AEs were calculated as 32 events occurring per 100 exposures to mAb therapy, 21 events per 100 exposures to combined therapy, and 6 events per 100 exposures to VA therapy. Apart from designation of AEs to 1 of the 3 therapy types based on timing of the event, specific causality was not attributed because many of the events could have been reactions to concomitantly applied mAb, VA, chemotherapeutic agents, and/or supportive therapies ( Table 4 ). The most common events following exposure to combined therapy were leucopenia (16% of patients), stomatitis (14%), diarrhea and malaise (each 9%), skin reactions, rash, acne, nausea, chills, and palmar-plantar erythrodysesthesia (each 7%). For mAb therapy, common reactions were leucopenia and malaise (each 25%), neutropenia, weakness, acneiform rash, and anemia (each 14%), and for VA therapy, they were skin reaction or rash (25%), pruritus (17%), and urticaria (8%).
Of the total 142 AEs to 85 exposures, 26 events (18%) to 13 exposures (15%) were classified as serious because they required hospitalization, prolongation of existing hospitalization, or resulted in persistent or significant incapacity (Table 4) . One patient (8%) in the VA therapy group experienced a serious AE (unspecified hospitalization), which was attributed to concomitant chemotherapy. One patient (13%) in the mAb group was hospitalized on 2 occasions: once following exposure to rituximab with concomitant paracetamol and dimethindene maleate (malaise) and once following exposure to ofatumumab with concomitant paracetamol and dimethindene maleate (unspecified hospitalization). Seven patients (16%) experienced 23 serious AEs to 10 exposures of combined therapy. Of these 10 exposures, 6 involved concomitant chemotherapies, and 9 involved concomitant supportive therapies, making attribution of causality difficult.
AE rates (ie, total exposures with ≥1 AE/total patient days of exposure) and results of the longitudinal analysis of AEs are shown in Table 5 . Univariable analyses did not reveal any significant associations between demographic or treatment factors and AEs. A multivariable GEE model adjusted for treatment exposure, age at treatment, gender, UICC stage, concomitant chemotherapy, and concomitant supportive therapy indicated increased odds of experiencing an AE following mAb therapy compared with combined therapy (OR = 4.97; 95% CI = 1.53-16.14; P = .008). AE rates and the directions of ORs suggest that VA therapy and female gender were negatively associated with AEs, and stage III to IV cancer, concomitant chemotherapy, and supportive therapies were positively associated with AEs; however, none of these associations was statistically significant. Rates for serious AEs were similar for combined therapy (2%) and mAb therapy (3%) and were lower for VA therapy (0.8%). Significance tests were not performed for serious AEs because of the low number of events. The incidence rates of AEs according to mAb exposure are shown in Table 6 . The highest incidence in the combined therapy group was for bevacizumab. Bevacizumab had an even higher incidence in the mAb group; however, the small sample size of the mAb group prevents an accurate assessment of incidence according to specific therapies.
Discussion
In this retrospective cohort study investigating the safety of combined therapy with Helixor VA preparations and mAb, the highest incidence of AEs occurred after exposure to mAb therapy. A multivariable GEE model indicated that the odds for patients experiencing an AE following mAb therapy were nearly 5 times higher compared with that for mAb plus VA. Whereas AE rates suggested that concomitant chemotherapy was positively associated with AEs (16% of all exposures with chemotherapy vs 10% without chemotherapy), this association was not statistically significant. This is most likely a result of sample size limitations. Furthermore, chemotherapy AEs might be underreported compared with AEs related to mAb or VA because of the well-known and expected toxicity profiles of chemotherapeutic agents. The rate of serious AEs did not appear to differ between combined and mAb therapies and was lower for VA therapy. The most frequent AEs related to combined therapy were development of an acneiform rash, leucopenia, and stomatitis/mucositis, none of which were serious. Serious AEs related to combined therapy were mostly nervous system related, such as dizziness, nausea and vomiting, infections, or malaise. The toxicity profile of the combined therapy group was similar to that of the targeted therapy group, for which leucopenia, acneiform rash, and malaise were the most frequent events. Apart from an unspecified hospitalization attributed to chemotherapy, all AEs in the VA therapy group were skin-related reactions.
It is important to acknowledge a number of limitations of our study. First, of the 95 medical records initially reviewed, 36 patients were excluded for not satisfying the 1-month washout period. Specification of a washout period was important for this study because many of the observed AEs can have a delayed onset or be long-lasting (eg, leucopenia, acneiform rash). However, this resulted in small sample sizes for both the individual therapy groups and a consequent decrease in statistical power. Because of the retrospective and nonrandomized nature of this study, patient characteristics and diagnoses were not balanced across treatment groups. Factors considered as potential confounders (ie, age, gender, UICC stage, concomitant chemotherapy, and supportive therapies) were included in multivariable analysis; however, it is likely that unmeasured confounders, such as previous surgery or unmeasured comorbidity, exist. Furthermore, although mechanistically it would make sense to assess different mAb separately and to also consider the role of therapy dose, small sample sizes and heterogeneity prevented us from doing this. Another limitation related to the use of retrospective data is that AE descriptions were often not detailed enough to enable grading in terms of severity. Some descriptions were vague, such as "unspecified hospitalization" or "skin reaction," and some mild, expected AEs such as fatigue or headaches were probably underreported. Importantly, however, we were able to identify all serious AEs based on hospitalization and AE management data.
Overall, although our results must be interpreted with care, they provide a first picture of the current application and toxicity profile of a combination strategy involving VA and mAb. Furthermore, to our knowledge, this is the first attempt to investigate the safety of such a strategy. The types and frequencies of AEs and serious AEs observed in the combined and mAb groups in our study are consistent with adverse drug reactions to mAb and chemotherapeutic agents described in the literature. [21] [22] [23] [24] [25] [26] [27] In a phase II trial treating metastatic colorectal cancer patients with FOLFOX and cetuximab, 76% of patients had an AE (grades 3-4). 28 The most frequent events were neutropenia (30%), skin reactions (18%), rash (11%), and diarrhea (8%). In another study, a phase III trial comparing FOLFIRI plus cetuximab with FOLFIRI plus bevacizumab in colorectal cancer, 71% of patients in the cetuximab group and 64% of patients in the bevacizumab group had AEs (grades 3-4), with the most frequent events being hematotoxicity (cetuximab, 25%; bevacizumab, 21%), skin reactions (26% and 2%), and diarrhea (11% and 14%). 29 Additionally, common grade 1 to 2 events included acneiform rash (61%), nausea (45%), and stomatitis (38%). In our study, 55.8% of patients exposed to combined therapy (VA plus mAb with or without chemotherapy) reported AEs. This incidence is for events of any grade; however, low-grade events were most likely underreported. The most frequent events for combined therapy were leucopenia (16% of patients); stomatitis (14%); skin reactions, including rash and dry skin (12%); diarrhea; and malaise (each 9%). The rates of AEs observed in our study were lower than those reported for clinical trials involving similar medications. Nevertheless, the types of AEs are similar, and there is no evidence to suggest that VA increased the frequency or severity of the known toxicities of the applied mAb or chemotherapeutic agents.
The types of AEs observed in the VA therapy group (eg, pruritus, skin reaction, and urticaria) are consistent with adverse drug reactions to intravenously administered VA preparations, as previously reported. 30 The relative frequency for patients experiencing an AE in the VA therapy group (42% of patients) is much higher than what we have published previously for intravenous VA (5%). This difference is because our previous study focused on VA-related AEs only, whereas the current study includes AEs caused by VA and by concomitant chemotherapy (42% of patients in the VA therapy group had concomitant chemotherapy plus supportive therapy and 17% of patients had concomitant chemotherapy only).
Although we did not find any comparable studies in the literature, a number of groups have investigated whether VA preparations interact with traditional chemotherapy agents. Mansky et al 16, 31 have shown that combined therapy involving subcutaneous injections of VA (Helixor Abietis) and intravenously administered gemcitabine is well tolerated, and clinical response was similar to that for gemcitabine alone. Importantly, the addition of VA did not affect the pharmacokinetics of gemcitabine at any of the VA dose levels tested (1-250 mg) and no botanical-drug interactions were observed. Our results differed from those reported by Mansky et al in that we did not observe a high incidence of local reactions or febrile and flu-like reactions, which are characteristic of subcutaneous administration of VA. 32 As expected, because of the known toxicity profiles of cetuximab and panitumumab, we observed a higher incidence of skin disorders such as acneiform rash. The hematological toxicity profile (leucopenia, anemia, and thrombocytopenia) was similar across all treatment groups (except for VA therapy) in both studies and is most likely a result of concomitant chemotherapy. A recent in vitro study investigated the effect of VA preparations on several commonly used chemotherapeutic agents in different cancer cell lines. 33 It was found that VA preparations (Iscador Ltd) did not inhibit chemotherapy-induced cytostasis or cytotoxicity and showed an additive inhibitory effect at higher concentrations of VA.
Because of the complex and nonstandardized nature of botanical drugs, prediction and identification of botanicaldrug interactions can be difficult. Adverse botanical-drug interactions often involve botanical-mediated induction or inhibition of hepatic and intestinal drug-metabolizing enzymes, such as cytochrome P450s (CYPs). 34 However, previous in vitro investigations have shown that VA preparations have either no or minor effects on a range of CYPs, suggesting that VA-drug interactions based on drug metabolism are unlikely. 35, 36 Furthermore, mAb do not undergo hepatic metabolism but undergo proteolytic catabolism throughout the body. 37, 38 As a result, it is generally believed that they are not subject to significant pharmacokinetic-type drug interactions. 39 Although pharmacokinetic interactions may be less of a concern regarding combined VA and mAb, potential pharmacodynamic interactions are important to consider. For example, vascular endothelial growth factor mAb, such as bevacizumab, are associated with causing hypertension, bleeding episodes, and thrombotic events and, therefore, should not be used with anticoagulants or following surgery. 40, 41 A potential drug interaction of VA might be an additive hypotensive effect when combined with antihypertensive drugs. 42 Also, because application of VA can induce an innate immune response mediated by monocyte activation with a specific T-cell response, 43, 44 it has been suggested that interactions be considered in coadministration with immunosuppressive drugs. Theoretically, none of these properties should negatively interact with the mAb included in our study; and in fact, a more active immune system, along with potential additive antitumor properties, might be beneficial to established anticancer protocols involving mAb and chemotherapy agents. VA preparations have been shown to inhibit the transmembrane efflux pump P-glycoprotein in vitro, an effect that in tissues exposed to chemotherapy agents, might result in an increased cytoplasmic drug concentration and cytotoxicity. 45, 46 Furthermore, a range of clinical studies reported a reduction in adverse drug reactions to conventional anticancer therapy and improved HRQL when VA therapy was given concomitantly. 12, 13 The mechanisms involved in these possible benefits of VA are not well understood but may include upregulation of endorphins, stimulation of the immune system, stabilization of DNA, or psychological factors. 12 Although we observed a lower incidence of AEs in the VA plus mAb group compared with mAb alone, whether this was a result of VA is not clear from this study.
Conclusions
Results from our observational study found a reduced incidence of AEs following exposure to mAb with VA compared to mAb without VA and no unexpected AEs. These results are in line with the prediction, based on theoretical considerations, of no significant interactions occurring between VA and mAb. Future research should focus on investigating combined use of VA with specific mAb, in larger and more homogeneous patient groups in order to further elucidate the safety and effectiveness of this approach. Overall, the current results suggest that combined therapy with VA and mAb is safe.
